N and P compounds work as key elements causing bioproduction and eutrophication in water bodies of the Baltic Sea region, A large-scale dynamic GIS-embedded PolFlow model considers all point and diffuse emission sources in a river basin simulating also transport and retention of nutrients in time steps of five years, This modeling approach was originally developed for simulating past and present nutrient loads for the Rhine and Elbe rivers. In addition, a statistical model MESA W was employed for nutrient source apportionment and emission estimations. This paper analysis the modeling results in Lake Peipsi basin, shared by Estonia, Russia and Latvia, for long-term trends since 1985 till 1999. Results of modeling, as well as monitoring data indicate quite stable long-term P load while agricultural N load has decreased significantly in connection with dramatic changes in agricultural structures. That, in turn, has lead to sharp decrease ofN/P ratio in riverine runoff while in lakes (L Peipsi, L Vortsjii.rv) and coastal seas, NIP ratio has dropped below 10. These changes, enhancing cyanobacterial blooms, have significantly worsened the ecological state of these water bodies, in the conditions of decreased emissions. The paper concludes that wastewater treatment should focus on better removal of phosphorus.
MATERIAL AND METHODS
Study area. Lake Peipsi, is the fourth largest lake in Europe (Fig. l ) . The drainage basin 2 is approximately 44 000 lmi ; 36% in Estonia, 57% in Russia and 7% in Latvia Agricultural land and forests cover 42% and 40% of the total drainage basin, respectively. The main focus was on the Estonian part of the drainage basin. Data. Polflow model exploited national statistics and research data describing natural conditions, agricultural • activities, sewage treatment, point pollution sources, and demography in the entire drainage basin. Study period for Polflow was 1985-1999. MESA W model used time series of total-N and total-P concentrations, point source emissions, atmospheric deposition and data on runoff as well as subwatershed delineation maps. The study period was fixed to 1993-2000 while study area was restricted with Estonian side of the lake Peipsi drainage basin. The main data sources were Estonian national surface water monitoring data, Estonian national point source emission database (provided by the Data and Information Centre of the Estonian Ministry of Environment) as well as Estonian yearbooks of agriculture, environment and demographics, provided by Estonian Statistical Office.
PolFlow model. The changes in nutrient transport under the various scenarios were calculated using a dynamic, GIS-embedded model that simulates nutrient emissions, transport and retention in drainage basins in time steps of five years. This modelling approach was originally developed for simulating past and present nutrient loads for the -�· Rhine and Elbe rivers [2, 3] . Recently, the model has been implemented for Lake Peipsi/Chudskoe drainage basin [9] using an integrated GJS-database of this region [6, 7] . 
B. statistics, aggregated for administrative untts: livestock numbers, Crop yields, wastewater treatment connection percentages, population numbers
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Diffuse emissions (soll surface surplus) and Long-term hydrological fluxes and residence point emissions times
Step 3: routing of nutnents through tt>e soil I groundwater systi,m and the """'network OUTPUT Nutrient loads In rivers and into the lake The modelling approach consists of three main steps: 1) Compiling maps of diffuse emissions (soil surface surplus) and point sources emissions from agricultural statistics and a land cover map; 2) Modelling of long-term hydrological fluxes and residence times in the various hydrological compartments ("slow", "medium", and "fast" runoff component); 3) routing the emitted nutrients through the soil/groundwater system and river network in proportion to the long-term hydrological fluxes. The first two steps are static: for each model time step (five year), the procedure is repeated, using the appropriate input data. The third step is dynamic: this means that output from a previous step is used as input for the next step. In this way, the effect of temporary storage of nutrients in the soil/groundwater is accounted for. A more detailed description of the modelling procedure can be found in De Wit [ Figure 3 ). Forest contributed with less than 30% of the nitrogen load. The corresponding results for phosphorus showed that approximately 40% of the load originated from agricultural land while point sources accounted for approximately 42%. These results resemble well with nutrient source apportionment results in river Warnow with Finnish method [ l 0, 11] where as much as 49% of P and 18% of N were found to originate from point sources.
PolFlow results. For time period 1995 -1999 in Northern part of Lake Peipsi drainage basin (excluding River Velikaya), only 4% of N and 13% of P originated from point sources (Figure 3). PolFlow results resemble well with nutrient source apportionment results in river Warnow with German immission model [l] where only 14% of P and 6% ofN were found to originate from point sources [l l].
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These results show that further N removal from wastewater in L Peipsi basin can not give more than 8% decrease of N load in rivers. In the same time, potential effect of better P removal remains very uncertain. According to this paper, better waste water treatment may remove 13 -42% of total P load in Lake Peipsi drainage basin. 
Figure 3. Apportionment of different sources of Nitrogen (left) and Phosphorus (right) load in time period in the Lake Peipsi drainage basin (excluding Velikaya basin) according to MESA W (upper pies) and Po/Flow (lower pies) model.
Post-communist trends of N and P in the river basin
Emissions. The results from the MESA W model runs, which were conducted for each year separately, showed that the unit-area losses of nitrogen and phosphorus from agricultural land varied between 6.9-15 kg N ha-1 and 0. I 7-0.63 kg P ha-1 • Interestingly, our estimates corroborate well with the results of monitored losses from a small 2 agricultural catchment (i.e., Oostriku, 29.7 km ). In addition, our results showed that the nitrogen losses from agricultural land were almost four times higher than the corresponding losses from forested land. Total emissions of both N and P during the period 1985-1999 decreased considerably (Figure 4) . For Estonia and Latvia, P emissions even dropped below zero by the last time period: extraction of P from arable land was probably larger than the input. Loads. Fi gur e 5 shows the simulated Ntot and Ptot loads into Lake Peipsi for the 1985-1999 period. Ntot loads into the lake have decreased during the nineties. Such results are in well accordance with several monitoring results from Estonian rivers (such as R. Vohandu, Fie gur e 6) where significant long term downward trend ofN loads was detected.
Although P emissions decreased considerably during the study period, P loads did not respond in the same way (Fi gur e 5 right, Fi gur e 7), Instead, modeled P loads increased in the last period, and measured P loads in several Estonian rivers could not reveal statistically significant downward trends, Response in L Peipsi. Low NIP ratio can increase probability that in lakes and coastal seas nitrogen will limit primary production instead of phosphorus. Nitrogen limitation in a lake, in turn, may enhance N-fixing cyanobacteria. According to Kangur et al [5] , the biomass of cyanobacteria in Lake Peipsi has increased sharply in recent years (Figure 9 ). Due to that it is important to pay more attention to P removal in wastewater treatment plants.
